It is now known (Ross et al., 1955a (Ross et al., , b, 1956 ) that the chick undergoes an altered protein metabolism when infected with Salmonella pullorum. This knowledge has suggested that the carbohydrate metabolism of the chick should also be investigated.
In recent years, a number of agents such as radiation, war gases, hormones, drugs and certain adjuvants have been employed to hasten infection. Berry and Mitchell (1953a, b) established that various inhibitors and intermediates of the Krebs cycle reduced survival time in mice infected with Salmonella typhimurium. They concluded that imbalance in the tricarboxylic acid (TCA) cycle increased susceptibility to the pathogen and provided a connection between host metabolism and infection. We have applied and extended some of these experimental procedures to determine whether the same general reaction patterns might be involved in the bird as in the mammal.
This report describes the influence of three TCA inhibitors and two TCA intermediates on survival time of the host, and growth of the pathogen in the host as the disease progresses.
MATERIALS AND METHODS
Chicks. White leghorn cockerels, 1 to 3 days old, weighing 34 i 2 g, and hatched from pullorum free flocks, were used throughout.
Organism. Salmonella pullorum strain CDC 3522/51 was cultivated in nutrient broth and prepared for inoculation as described in a previous publication (Ross et al. 1955a ). Chicks were injected introperitoneally with 4 X 103 or- Estimation of growth of the pathogen in vivo. Groups of six chicks were injected with 4 x 103 organisms and sacrificed at selected intervals up to 72 hr. Following sacrifice, measured volumes of blood were collected with a minimum of delay, diluted, and aseptically spread on SS (Difco) agar plates. The birds were then skinned, and the livers were removed, weighed, and homogenized in a Potter lucite homogenizer. The homogenate was diluted, and aliquots of selected dilutions spread on SS agar plates. The remainder of each bird, minus skin and feet, was weighed and blended in an Osterizer to yield a fine pulp. Suitable dilutions of this material were inoculated on SS agar. All plates were incubated for 24 to 48 hr at 37 C, and the average number of S. puUorum per ml of blood or per g of wet wt tissue was estimated.
Controls. All experiments were controlled by use of two lots of chicks; one receiving 4 X 103 of dead celLs in a 0.5-ml saline suspension and the other receiving only 0.5-ml of saline. The two lots were then subdivided into groups of 620 Effect of fluoroacetate on the grmoth of S. pullorum in vivo. In view of the previous findings, an attempt was made to determine how fluoroacetate affects the growth of S. pullorum in its host. Chicks were infected with 4 X 10' organisms and divided into groups, one (A) receiving saline injections and the other (B) receiving sodium fluoroacetate (3 mg per kg) at 0 and 6 hr. Members of each group were sacrificed at intervals of 6 to 12 hr. The number of organisms per ml or per g of wet wt was estimated in blood, liver, and the carcass minus blood and liver. All estimations of numbers were made from tissues pooled from six birds. The results are presented in figures 1 and 2. There appeared to be a delay in the growth of the organism or a reduction in the total numbers of organismLs that could be recovered between 0 and 6 hr post-infection in the tissues of control chicks (group A). This was particularly noticeable in the blood which failed to yield viable organi during the first 3 to 12 hr following infection. When fluoroacetate was administered (group B), the entire growth pattern in vivo was altered, with the blood picture being changed from negative to positive within 6 hr. Chicks killed and examined at 6 hr had not received the second dose of fluoroacetate, hence differences between groups A and B at this time were due to a single injection of inhibitor. A comparison of groups A and B showed that the numbers of bacteria increased at approximately the same rate in the treated and untreated chicks as the infection progressed beyond the first 6 hr of incubation. The maum numbers of organisms found in the carcass and livers of both groups were ultimately attained at approximately the same time and in the same concentration. Invariably a higher maximum number was eventually observed in the blood of "poisoned" chicks (group B) than in that of the untreated birds (group A).
DISUSSION
The results of the experiments described indicate that the administration of sodium salts of fluoroacetate, malonate, arsenite, succinate, or citrate reduces the survival time of chicks infected with S. pullorum. The three "poisons" used are physiologically identified as inhibitors of the TCA cycle. All inhibitors tested exhibited the ability to reduce survival time which could be extended or decreased by manipulation of dosage level and dosage interval, both pre-and post-infection. It is not possible from the experiments presented to relate a specific effect to any of the compounds other than their relationship in common to the TCA cycle.
It is interesting to speculate that the increase in the number of organisms recoverable from infected fluoroacetate-treated birds is due to this poison. It is not inconceivable that fluoroacetate may be detrimental to phagocytosis or intracellular sterilization during the initial phase of the infection. Or, as Berry (1955) has recently suggested, the poison may be stimulatory to the organism instead of detrimental to the host.
It is also of interest to compare these results with those obtained by Berry and Mitchell (1953a, b) , who have shown that the same inhibitors and intermediates reduced survival time in mice infected with SalmoneUa typhimurium. Since the sane pattern of response develops in the two unrelated hosts, it is possible that the very similar endotoxins (Dooley and Holtman, 1956 ) of the infectious agents may be of marked significance in producing the pathological effects.
SUMMRY
The survival time of chicks infected with SalmoneUa pullorum was reduced by the administration of fluoroacetate, malonate, arsenite, citrate, and succinate.
The prolongation of sumval time varied with concentration, time of administration in relation to time of infection, and dosage interval.
Greater concentrations of the parasite were found initially in the liver and carcass of fluoroacetate-treated chicks than in the same tissues of the untreated birds. Eventually the blood of the "poisoned" chicks yielded greater numbers of organisms than that of untreated birds.
